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BACKGROUND: Malignant pleural effusions (MPE) are
a frequent cause of dyspnea and discomfort at the end
of cancer patients' lives. The tunneled indwelling pleural
catheter (TIPC) was approved by the FDA in 1997 and has
been investigated as a treatment for MPE.
OBJECTIVE: To systematically review published data on
the efficacy and safety of the TIPC for treatment of MPE.
DESIGN: We searched the MEDLINE, EMBASE, and ISI
Web of Science databases to identify studies published
through October 2009 that reported outcomes in adult
patients with MPE treated with a TIPC. Data were aggre-
gated using summary statistics when outcomes were
described in the samewayamongmultiple primary studies.
MAIN MEASURES: Symptomatic improvement and com-
plications associated with use of the TIPC.
KEY RESULTS: Nineteen studies with a total of 1,370
patients met criteria for inclusion in the review. Only one
randomized study directly compared the TIPC with the
current gold standard treatment, pleurodesis. All other
studies were case series. Symptomatic improvement was
reported in 628/657 patients (95.6%). Quality of life
measurements were infrequently reported. Spontaneous
pleurodesis occurred in 430/943 patients (45.6%). Seri-
ous complications were rare and included empyema in
33/1168 patients (2.8%), pneumothorax requiring a
chest tube in 3/51 (5.9%), and unspecified pneumotho-
rax in 17/439 (3.9%). Minor complications included
cellulitis in 32/935 (3.4%), obstruction/clogging in 33/
895 (3.7%) and unspecifiedmalfunction of the catheter in
11/121 (9.1%). The use of the TIPC was without compli-
cation in 517/591 patients (87.5%).
CONCLUSIONS: Based on low-quality evidence in the
form of case series, the TIPC may improve symptoms for
patients with MPE and does not appear to be associated
with major complications. Prospective randomized stud-
ies comparing the TIPC to pleurodesis are needed before
the TIPC can be definitively recommended as a first-line
treatment of MPE.
KEY WORDS: malignant pleural effusion; tunneled catheter; palliative
care.
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CASE PRESENTATION
A 68-year-old retired coal miner with widely metastatic lung
cancer reports shortness of breath and constant dull chest pain.
A chest radiograph demonstrates a recurrent massive pleural
effusion that was previously treated with therapeutic thoracent-
esis with symptomatic relief. He expresses a desire for symptom
control measures that would allow him to attend his grand-
daughter's college graduation, as she is the first person in his
family to graduate. He is at high risk for general anesthesia due to
severe emphysema.Howeffective is an indwelling pleural catheter
as a palliative option for management of his pleural effusion?
INTRODUCTION
Malignant pleural effusions (MPE) occur in up to 15% of patients
with advanced malignancies and contribute significantly to
dyspnea and discomfort at the end of cancer patients' lives.1
The current standard of care for MPEs that reaccumulate after
percutaneous drainage is pleurodesis. Pleurodesis, using chem-
ical and physical agents, has been the mainstay of treatment
for decades, but questions have been raised about its safety.
Talc, the most effective and commonly used pleurodesis agent,
has been shown to have multiple complications, including
respiratory failure, pneumonia, and treatment-related death.2,3
There is evidence that these serious risks are reduced through the
use of more carefully regulated talc particles.4 However, pleurod-
esis is also associated with fever, pain, and often necessitates
general anesthesia and a several-day hospitalization.
Since its approval by the FDA in 1997, the tunneled indwelling
pleural catheter (TIPC) has increasingly been used as an
alternate therapy. The indwelling catheter is inserted percutane-
ously and allows for intermittent drainage at home through an
easily managed tube.5 Shortly after FDA approval, Putnam and
colleagues published the only randomized trial to date compar-
ing pleurodesis to TIPC for MPE.6 They found that TIPC patients
experienced fewer in-hospital complications and a similar im-
provement in quality of life when compared with pleurodesis, but
a lower rate of spontaneous pleurodesis and higher rates of late
complications. Since Putnam’s publication, the use of these
drainage systems has become more widespread, and multiple
large and small observational studies using the TIPC to treat
MPE have been published.
The goal of our study is to locate, evaluate, and summarize
existing clinical studies examining the safety and efficacy of the
TIPC for MPE in order to help clinicians understand the risks and
benefits of using these devices. We also hope to provide a
foundation to encourage future randomized studies directly
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comparing pleurodesis to TIPC. To accomplish this, we conducted
a systematic review of published studies to explore the efficacy
and safety of tunneled indwelling pleural catheters in the
treatment of MPE.
METHODS
Data Sources and Searches
We searched the MEDLINE, EMBASE, and ISI Web of Science
databases for all relevant articles published through October
2009. The search strategy was created together with a research
librarian and designed to capture all terms that may be used
describe malignant pleural effusions and pleural catheters.
Complete search terms for each database are included in
Table 1. We also manually searched the reference lists of
included studies and relevant reviews for additional studies
not detected by the electronic literature searches.
Study Selection
Studies with and without a control group were eligible if they
included at least eight consecutive adult patients with an effusion
in the setting of malignancy who received an indwelling, tunneled
pleural catheter. Criteria for exclusion were studies of non-
malignant effusions, empyema, or chylothorax; studies of large
bore chest tubes or non-tunneled catheters; studies in which all
patients underwent thoracoscopy, video-assisted thoracoscopic
surgery (VATS), or pleurodesis; studies not published in the
English language; and studies without primary data. If data
appeared tobe duplicated inmultiple publications, only the study
with the most complete data set was included, and studies
excluded for this reason are explicitly noted. If a study was
otherwise eligible but contained an identifiable subset of patients
with excluded types of effusions or surgical procedures, the study
was included and analyzed for the subset of interest.
Data Abstraction and Quality Assessment
Data were abstracted independently by two authors (MVM,
KYM); discrepancies were resolved by discussion and consul-
tation with the third author (RJK). Abstractors were not
blinded to any details regarding the included studies. From
each study, data were abstracted on participant age, sex,
cancer type, prior treatments for effusion, length of time
catheter was in place, amount of fluid drained, occurrence of
spontaneous pleurodesis, symptomatic relief, quality of life,
complications, hospital days, and survival days. For every
outcome described in a particular study, the authors deter-
mined the numerator (i.e., the number of subjects that
experienced that outcome) and denominator (i.e., the number
of total subjects). Very few studies reported data on all
outcomes of interest; if an outcome was not reported, that
study was not included in either the numerator or the
denominator. If more than one interpretation of outcomes data
was possible, such as due to a discrepancy within a paper, the
authors of the primary study were contacted for clarification. If
the authors could not be reached, the abstractors opted towards
the interpretation that would not bias in favor of the TIPC. The
quality of evidence presented in the primary studies was
evaluated using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) Working Group system.7
Data Synthesis and Analysis
In review of the studies, patient populations and interventions
were felt to be relatively homogeneous, as described further in
the Results. There was, however, significant variation in
outcome reporting. Outcomes that were described in a
similar way among multiple primary studies were aggregated
by summing the numerator and denominator for each given
outcome to yield the total number of events per total
number of subjects. Outcomes that were not the same or
were not described in the same way (such as "obstructed
catheter" and "malfunction of catheter") were not combined.
For outcomes that were combined, means were calculated
using summary statistics. To give readers a measure of the
uncertainty around the calculated mean values, we included
the range of values reported in the primary studies. The
overall mean was calculated for patient survival and catheter
permanence time from studies that reported this informa-
tion. All analyses were performed using Microsoft Office
Access and Excel 2007.
RESULTS
As detailed in Figure 1, the literature search identified 1,011
potentially eligible reports. After review of the title, abstract, or
complete manuscript, 986 reports were excluded based on the
inclusion and exclusion criteria. Only two studies8,9 that
appeared to meet other criteria were excluded due to non-
English language; the authors of one of these8 later published
their experience in English, and this study is included.10 Of
the remaining 25 eligible reports, 6 were excluded due to
overlap with patients reported in other studies.11–16
The 19 included reports (Table 2) were all consecutive case
series of patients with MPE who received a TIPC, except one
randomized controlled trial of doxycycline pleurodesis versus
TIPC; only the group receiving the TIPC is included in this
analysis.6 Three meeting abstracts10,17,18 and one letter19 were
eligible and presented sufficient data to be included in the
Table 1. Search Strategy Used to Identify Studies Describing the
Use of Tunneled Indwelling Pleural Catheters in the Treatment of
Malignant Pleural Effusions
MEDLINE [(Malignant pleural effusion ORmalignant
pleural effusions) OR (pleural effusion[MH]
AND (neoplasms[MH] ORmalignant[TIAB])]
AND (indwelling catheters OR indwelling catheter
OR catheterization[MH:noexp] OR catheter*
OR chest tube OR chest tubes OR "pleural tube"
OR "pleural tubes")
Web of Science Topic = [(malignant same pleural effusion*)
OR (malignant same pleura effusion*)] AND
topic = (indwelling OR catheter* OR chest tube*
OR pleural tube*)
EMBASE ("Indwelling catheter"/exp OR "catheters and tubes"/
de OR "catheter"/de OR "tube"/de OR "drain"/de)
AND (("pleura effusion"/de AND "malignant") OR
("pleural effusion":ti,ab OR "pleura effusion":ti,ab
AND "malignant":ti,ab))
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analysis. Eight studies were conducted outside the USA. All
except one study20 employed the Pleurx® tunneled pleural
catheter system initially manufactured by Denver Biomedical
(Golden, Colorado), a company that was acquired by Cardinal
Health (Dublin, Ohio) in 2006. The oldest study, published in
1994, used a tube known as the Tenckhoff catheter, which is
also a small-bore flexible catheter that was tunneled into the
pleural space.20 One study employed a reusable plastic pump
to drain pleural fluid instead of the standard vacuum drainage
bottles designed for use with the Pleurx® catheter.21 Funding
source was noted for only two reports, and in those cases the
study was supported by the Pleurx® manufacturer.6,22 Quality
of evidence, as rated using the GRADE system, was very low for
all of the case series and moderate for the one randomized
controlled trial.6
A total of 1,370 patients were included in the analysis, with
an average age of 63.0 years and 50.5% women. Of the 1,370
patients, 1,348 patients had malignant pleural effusions;
two studies included a minority of patients with pleural
effusions of benign etiology, such as heart failure and hepatic
hydrothorax.23,24 Because data were not reported separately
for the patients with non-MPE, these 22 patients were
included in the overall analysis, but are felt to contribute
insignificantly. Most patients had recurrent effusions that had
failed previous thoracentesis or other treatments; details of the
individual patient populations are included in Table 2. In the
17 studies that reported distribution of cancer type among
1,236 participants, lung cancer, breast cancer, and mesothe-
lioma together comprised approximately 70% of the included
patients (33.5%, 25.9%, and 10.5%, respectively). A variety of
other hematologic malignancies and solid tumors were repre-
sented in smaller numbers, as described in Table 2.
Survival and catheter permanence times were reported in 10
and 11 studies, respectively, either as a median or a mean,
with or without a range. These times were defined starting
from the day of TIPC placement. Survival varied from 3 to
1,240 days, with a combined mean of 87 and reported medians
ranging from 59.5 to 144 days. Catheter permanence time
varied from 2 to 434 days, with a combined mean of 51 and
reported medians ranging from 44 to 60 days.
Studies differed significantly in how they reported out-
comes, but results were pooled when possible, as described
in the Methods section. Combined outcomes are presented in
Figure 2. Note that denominators in this figure are different
because not all studies reported all complications, and if an
outcome was not recorded, the study was removed from both
the numerator and denominator.
Of the reported complications, malfunction of the catheter
(11/121, 9.1%), catheter clogging (33/895, 3.7%), and unspec-
ified pain (8/142, 5.6%) were the most common. One study
reported that mild procedure-related pain occurred in "most"
patients,23 but pain that persisted beyond the immediate post-
procedural period was documented formally in only 18/558
patients (3.2%) from five studies. Infectious complications such
as empyema (33/1168, 2.8%), cellulitis (32/935, 3.4%), and
unspecified infection (7/346, 2.0%) were similarly uncommon.
The TIPC was removed before death because of a complication in
54/633 patients (8.5%). Tumor metastasis along the catheter
tract, although initially a strong theoretical concern, was well
documented in these studies and occurred in less than 1% of
patients. One procedure-related death was reported in the
earliest published study and was related to respiratory arrest
following intravenous sedation in a patient who had previously
requested no resuscitation.20 Ten studies reported that TIPC
devices were used without any complication in a total of 517/591
patients (87.5%).
Symptomatic improvement was reported in a variety of
ways. Some studies simply stated that patients experienced
“symptomatic improvement” without further delineation.10,20,25
One study rated dyspnea improvement on a 3-point scale as
complete, partial, or absent.26 The remaining studies reported
symptomatic improvement as “relief of dyspnea,” “improvement
in respiratory performance status,” “increased exercise toler-
ance,” “improvement of pain,” and “catheter was useful.” In
sum, these studies showed that 95.6% of patients experienced
symptomatic improvement after placement of the TIPC. Putnam
et al.6 used Borg scores and the Guyatt Chronic Respiratory
Questionnaire to assess symptomatic improvement and found
similar improvements after treatment with both the TIPC and
doxycycline pleurodesis; the number of patients with improve-
ment was not reported and therefore could not be included in
this combined outcome statistic. Quality of life assessments
were infrequently included, but 46/46 patients from two studies
cited improvement from the TIPC.27,28
Spontaneous pleurodesis was also defined in a variety of
ways. In general, these studies used the term spontaneous
pleurodesis to describe enduring or long-term achievement of
pleural symphysis allowing for TIPC removal without recurrence
of the pleural effusion, although some patients chose to keep
the catheters in place despite achievement of pleurodesis.
Spontaneous pleurodesis occurred in 430/943 patients, for an
overall rate of 45.6%, with an average time to pleurodesis of 52
days. The catheter was removed due to pleurodesis in 381/808
patients (47.1%). Recurrence of effusion after initial control was
reported in 50/651 patients (7.7%), and 33/652 patients (5.1%)
Figure 1. Article selection process. Abbreviations: WoS, Web of
Science; VATS, video-assisted thoracoscopic surgery
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required repeat placement of the catheter after it had been
removed.
DISCUSSION
The presence of a MPE portends a poor prognosis for cancer
patients, with a median survival of 4.0 months;34 the American
Joint Committee on Cancer (AJCC) staging system for lung
cancer has recently been revised to reflect this.35 Given the
limited life expectancy, treatment for MPE is often individual-
ized to each patient's clinical characteristics and goals of care.
While repeated therapeutic thoracentesis may provide suffi-
cient symptomatic relief in some patients, others have a
pleural effusion that is so large and rapidly accumulating that
a more permanent intervention is required.
Due to his high operative risk, the patient with metastatic
lung cancer described in the case presentation was not a good
candidate for chemical or mechanical pleurodesis, the tradi-
tional standard of care for MPE.1,36 Data on the use of the TIPC
for the treatment of MPE have been accumulating over the past
15 years. Prior reviews of the TIPC37–40 have included only a
few select articles and focus on the data from the largest
centers. To our knowledge, this report, which draws studies
from multiple databases and includes a total of 1,370 patients,
is the most rigorous and complete review published on this
topic.
Although the results are limited by the low quality of the
available evidence, as discussed below, our systematic review
suggests that the TIPC may improve symptoms for patients
with MPE and does not appear to be associated with major
complications. Symptom relief was variably defined in the
studies that reported it, and only 1 study6 used validated
scales; when combined, 628/657 patients (95.6%) experienced
some degree of improvement in their symptoms, although the
magnitude of improvement cannot be determined. Spontaneous
Table 2. Characteristics of the 19 Studies Included in the Systematic Review
First author, year n Study setting and patient population* Cancer types
Al-Halfawy,21 2008 55 Academic center in Egypt. MPE not necessarily previously
treated with thoracentesis
Lung 21, breast 16, mesothelioma 10,
lymphoma 2, colon 3, other 3
Bazerbashi,29 2009 125 Academic center in the UK. Patients with trapped lung† found
during VATS, failed pleurodesis, or recurrent effusion. 62% of
TIPC inserted during VATS
Lung 33, breast 19, mesothelioma 42, other 31
Bertolaccini,10 2009 77 Unknown setting in Italy. Patients with at least 1 prior
thoracentesis
Lung 37, breast 15, mesothelioma 15, colon 7,
pancreas 2, ovarian 1
Diez-Porres,19 2008 8 Palliative home care unit affiliated with public hospital in Spain.
Unknown prior treatment for MPE
Lung 3, breast 1, mesothelioma 1, RCC 2,
other 1
Mullett,17 2003 70 Academic center in the USA. Unknown prior MPE treatment.
22% inserted during concomitant surgical procedures
Lung 35, breast 9, hematologic 8, other 18
Murthy,23 2006 58 Academic center in the USA. Patients with trapped lung†,
high-volume effusions, or failed pleurodesis.22% inserted
during planned thoracoscopy
Lung 22, lymphoma 3, other 23,
nonmalignant 10
Musani,30 2004 24 Academic center in the USA. Patients with recurrent
free-flowing MPE
Lung 5, breast 11, mesothelioma 3, colon 1,
RCC 1, other 3
Ohm,27 2003 34 Academic center in the USA. Patients with trapped lung† Cancer type distribution NS
Pien,32 2001 11 Academic center in the USA. Patients with trapped lung† Mesothelioma 6, lymphoma 3, multiple
myeloma 1, other 1
Pollak,31 2001 28 Academic center in the USA. Patients with recurrent MPE
after thoracentesis
Lung 10, breast 3, lymphoma 2, colon 2, RCC 2,
other 9
Putnam,6 1999 99 Academic center in the USA. Patients with recurrent MPE
after thoracentesis
Lung 39, breast 25, hematologic 4, RCC 4,
other 27
Putnam,22 2000 100 Academic center in the USA. Patients with at least 1
prior thoracentesis
Distribution for TIPC cohort NS
Robinson,20 1994 9 Academic center in the USA. Prior pleurodesis had failed
in 4 patients
Lung 3, breast 2, lymphoma 1, myeloma 1,
RCC 1, other 1
Schneider,24 2009 100 Academic center in Germany. Patients had trapped lung†,
previously failed pleurodesis, or were not VATS candidates
due to overall condition
Lung 23, breast 20, mesothelioma 11,
other 34, nonmalignant 12
Sioris,25 2009 51 Academic center in Finland. Patients with at least 1 prior
thoracentesis, rapid accumulation of fluid, trapped lung†,
or high surgical risk
Lung 21, breast 7, mesothelioma 7, lymphoma 1,
RCC 1, other 14. All patients with trapped lung
Tremblay,26 2006 223 Academic center in Canada. Patients with recurrent pleural
effusions. 25% had undergone prior unspecified pleural
intervention
Lung 92, breast 49, mesothelioma 29,
ovarian 19, other 61. (Distribution by
number of TIPC insertions)
van den Toorn,28 2005 17 Academic center in the Netherlands. Patients with recurrent
effusions after thoracentesis and had failed or were
ineligible for pleurodesis
Lung 5, breast 3, mesothelioma 6, other 3
Warren,33 2008 263 Academic center in the USA. Patients with MPE, most did not
have prior thoracentesis
Lung 60, breast 133,gynecologic 32, other 38
Wyckoff,18 2003 18 Academic center in the USA. Patients with recurrent MPE Lung 5, breast 7, lymphoma 1, RCC 1, other 4
*TIPC inserted under local anesthesia unless otherwise noted
†Trapped lung is characterized by a thick, fibrous peel on the visceral pleura that prevents full reexpansion and pleural apposition after thoracentesis,
leading to rapid reaccumulation of fluid and chronic pleural effusions
Abbreviations: MPE, malignant pleural effusion; NS, not specified; RCC, renal cell carcinoma; TIPC, tunneled indwelling pleural catheter; VATS, video-
assisted thoracoscopic surgery
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pleurodesis occurred in 430/943 (45.6%); this is not the primary
goal of TIPC placement, but does allow removal of the catheter
and may contribute to symptom relief.
Complications of TIPC use were also not reported uniformly,
and summary statistics could not be performed for each
outcome. For combined outcomes that were described in the
same way in the primary studies, we found that serious
complications (those that may require an additional invasive
procedure or hospital admission) were rare. Empyema was
reported in 33/1168 patients (2.8%) and unspecified infection
in 7/346 (2.0%). Pneumothorax requiring a chest tube was
reported in 3/51 (5.9%) and unspecified pneumothorax in
17/439 (3.9%). The most common minor complications were
cellulitis (32/935, 3.4%), obstruction/clogging (33/895,
3.7%), or unspecified malfunction of the catheter (11/121,
9.1%). More catheters were removed due to achievement of
spontaneous pleurodesis (381/808, 47.1%) than to compli-
cations (54/633, 8.5%).
Interpretation and application of these results must be
done with caution given the limitations of our study. Most
importantly, the data come almost exclusively from uncon-
trolled, often retrospective, case series. In the widely used
GRADE system, case series are categorized as very low quality
evidence.7 These studies were not blinded, patients were not
randomized to treatment, and outcomes were inconsistently
reported. Even among the outcomes that were reported with
some regularity, degree or severity was often not delineated.
There is also potential for publication bias, especially at less-
experienced centers that have used the TIPC without as much
success. Furthermore, although most of the largest studies in
this review explicitly stated that they included consecutive
patients who received the TIPC, 9 of the 19 studies did not
state this, thus raising the possibility that some patients may
have not been included in their series. Potential confounding
factors, such as concurrent treatment with opioids or che-
motherapy, were not reported. Finally, there is potential for
bias in the way our systematic review was conducted. We
attempted to minimize this by using a protocol for study
inclusion and exclusion and by having two authors separately
abstract the data.
While this study provides a suggestion that the TIPC may be
useful in the treatment of patients with MPE, there is little
evidence comparing the TIPC to traditional pleurodesis, and the
patient population in which the TIPC could be best utilized
remains undefined. For example, it is possible that patients with
a longer survival may experience more TIPC complications due
to longer catheter permanence time and would benefit instead
from early mechanical or chemical pleurodesis. It is also
unknown whether the TIPC may be more efficacious in effusions
due to certain cancers. Warren et al. found that tumor type, the
presence of malignant cells on pleural fluid cytology, and
trapped lung are all predictive of pleural symphysis and
Figure 2. Outcomes reported in patients treated with the TIPC
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subsequent removal of the TIPC.33 Interestingly, there may also
be a role for pleurodesis agents delivered through the TIPC if
catheter drainage alone does not initially lead to spontaneous
pleurodesis and the patient's clinical situation and goals
warrant this additional treatment.41–43
Few studies have included analysis of the cost effectiveness of
the TIPC. One recent analysis by Olden et al. found the TIPC to
be slightly more expensive than talc pleurodesis ($9,012 versus
$8,171 USD) with similar effectiveness.44 However, sensitivity
analysis suggested that TIPC may be cost effective for patients
with a prognosis of 6 weeks or less. Putnam et al. found that
early mean hospital charges were significantly lower in patients
receiving a TIPC placed in the outpatient setting as compared to
those who were treated as an inpatient with either chest tube or
TIPC.22 As the biggest long-term cost of the TIPC is that of the
disposable vacuum drainage bottles, some of this expense could
be reduced with use of alternate drainage equipment. For
example, Al Halfawy and Light reported the feasibility of using
a reusable plastic pump for draining pleural fluid, with a cost of
only $3 compared to $400 per month for the disposable vacuum
bottles.21
In summary, although experience with using the TIPC for
MPE is becoming more widespread, there is little existing
high-quality evidence comparing the efficacy and safety of
the TIPC to other available treatments. Prospective random-
ized studies comparing the TIPC to pleurodesis are needed
before the TIPC can be definitively recommended as a first-
line treatment of MPE. To best aid providers in decision
making regarding the use of the TIPC, future studies should
include validated measures of symptom control and quality
of life, and should address characteristics of patients most
likely to benefit from the TIPC.
The coal miner presented above underwent TIPC place-
ment as a palliative option for management of his recurrent
pleural effusion. The TIPC provided relief of his chest pain
and shortness of breath. He continued to live at home in the
care of his family, without additional hospitalizations. He
required one additional outpatient visit to unclog the
catheter. As was his wish, the patient was able to attend
his granddaughter’s college graduation, and he died 11
weeks after TIPC placement with the catheter still in place.
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